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The purpose of this study was to investigate the ultrastructural effects of ultraviolet C
radiation on the lung cells of mole rats. Mole rats were divided into controlled and
experiment groups. Controlled group did not receive any radiation. The other groups were
irradiated with UV radiation for 14 and 28 days. The lung tissue samples were prepared and
analyzed by light and transmission electron microscopy. A number of effects were
observed in some groups which suggest some magnitude of UVC radiation affected in the
lung tissue. The first changes detected in mole rats lung tissue after 14 days UVC radiation
consisted of deformation in alveolar cells and in the interstitial space. There became a
deformation in the alveolar epithelial cells, endothelial cells and interstitium space of the
lung cells. After 28 days of UVC exposure, there happened a complete destruction of a large
fraction in the capillaries. These cells showed signs of necrosis, irregularity, and their
cytoplasm contained vacuoles with containing fluid-filled substantives. There happened
an increase in capillary volume and a destruction in the collagen fibrins. Some destruction
occurred concurrently in the alveolar epithelial cells. These findings clearly demonstrated
the ultrastructural effects of UVC radiation on lung cells in an exposure-period dependent
manner.
Copyright © 2014, The Egyptian Society of Radiation Sciences and Applications. Production
and hosting by Elsevier B.V. All rights reserved.1. Introduction
It is a known fact that almost all of the living organisms in the
world are always exposed to some amount of radiation
resulting from different sources (Sharma, Parmar, Sharma,
Verma, & Goyal, 2011). Radiation doesn't have only beneficial
effects but it also has harmful effects, and the mechanism is
responsible for both is the same. In terms of wavelength, solar
ultraviolet radiation is divided into 3 categories: UVA
(400e320 nm), UVB (320e290 nm) and UVC (290e200 nm)03741.
, trkr0614@gmail.com.
gyptian Society of Radiat
iety of Radiation Sciences(Hanson, Gratton, & Bardeen, 2006; Kelly, Seed, Young, &
Walker, 2003).
UVA radiation results in light brown tan in a short time; the
subsequent darkening is due tomelanin, which accumulates in
the skin. UVB radiation leads to serious sunburn, associated
with intensified erythema and edema, ache, and blister for-
mation in less than one day of exposure. Because of its uses in
killingmicroorganisms, UVC is known as a germicidal radiation
and it has sterilization and biocidal properties, as well. But, this
radiation is especially important in terms of harmful effects on
living organisms (Mittal, Elmets, & Katiyar, 2003; WHO, 1994).ion Sciences and Applications.
and Applications. Production and hosting by Elsevier B.V. All rights
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harmful effects of UV rays. When there is a decrease in ozone
layer, there becomes an increase in the amount of dangerous
UV radiation that reaches the earth's surface, as well (Thiele,
Dreher, Maibach, & Packer, 2003). As the thickness of this
layer has been reduced, it is estimated that such cases as skin
cancer, cataract and immune deficiency syndrome will be
increased in near the future (McKenzie, Bj€orn, Bais, & Ilyas,
2003; Verma et al., 2011).
The effects of UVC radiation as a poisonous environmental
agent have not been studied so much despite the fact that it
comprises the main component of solar ultraviolet radiation
andhasgreatereffectscomparedtoUVAandUVBradiation.The
purpose of the current studywas to determine the effect of UVC
radiationonmole rats lungbythe lightandelectronmicroscope.
In this study, mole rats were selected as these animals live
in underground galleries and have no UV exposure in their
habitat. Therefore, they were exposed to artificially produced
UVC radiation in the lab and changes in lung cells were
compared to those of the control group.2. Materials and methods
Nine adult mole rats (Spalax leucodon) of both sexes, weighing
180e200 g were used in this study. All rats were caught withinFig. 1 e (a)Light microscopic photograph of control lung tissue.
Ultrastructure of control lung tissue from mole rats. (b) Alveolar
(AC) and basement lamina (bl). Nucleus (N), mitochondria (m), m
(c) Alveolar epithelial cells (AC) and endothelial (EN) cells. Erythr
with secretion granules (g) and lamellar bodies (lb). Alveolar sathe rural area of Ankara in Turkey. They were kept at the
laboratory for 10 days at a stable temperature (20 ± 2 C) in
order to obtain adaptation of the new environment. The rats
were housed individually in special cages called terrariumand
a constant UVC dosage was applied. All animals were fed with
carrot, potato, plant roots and no special diet was given.
A “Mazda TG” ultraviolet lamp in 30Wpowers and in 90 cm
length was placed to the upper cover of the terrarium. The
intensity of the UV emitted from the lampwasmeasured to be
254 nm in wavelength and the energy in 1 s was found to be
0.0014 J/cm2. The mole rats were divided into control and
experiment groups. Group I was separated as the control, and
was not received any radiation. Taking into account of sun-
light period the other groups were exposed to artificial UVC
radiation for 8 h daily (between 08.00 and 17.00 h). A feeding
interval was given at midday for 1 h. A timer was used to
standardize UVC exposure times. Group II was irradiated for
14 days (total dosage was 564.48 J/cm2) and Group III was
irradiated for 28 days (total dosage was 1128.96 J/cm2).
At the end of the experiments, the animals were anes-
thetized using ether inhalation and were sacrificed. The lung
tissues were dissected out, and cut into small pieces that were
taken and prepared for light and electronmicroscopic studies.
Some lung tissues were fixed in Bouin's solution and
embedded in paraffin. Five micrometer sections were stained
with Methylene blue-Azure II. One micrometer-thick sectionsBronchioles (br) and alveolar sacculus (as). (bed).
wall containing type I and type II alveolar epithelial cells
icrovillus (mv), alveolar sacculus (as) and a macrophage (M).
ocytes (EC), nucleus (N), microvillus (mv). (d) An alveolar cell
cculus (as) and mitochondria (m).
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solution of toluidine blue and examined under a light micro-
scope to select areas for histological studies.
The other small lung tissue pieces were fixed in glutar-
aldehyde, then washed in buffer and post-fixed in 1%
osmium tetroxide, dehydrated in ethanol, cleared in pro-
pylene oxide and embedded in Araldite CY-212. Ultrathin
sections were prepared, stained with uranyl acetate and
lead citrate and then examined on Jeol JEM 100 CX-II elec-
tron microscope.
All experiments were carried out in accordance with the
Ankara University guidelines for the care of experimental
animals. Also, guiding principles for experimental procedures
found in Declaration of Helsinki of the World Medical Asso-
ciation regarding animal experimentation were followed in
the study.3. Results
3.1. Light and electron microscopic examination of
control lung from mole rats
It was found that light microscope preparations of the control
group had normal lung structure as expected. The bronchioleFig. 2 e (a) Light microscopic photographs of lung tissue frommo
walls are mostly thickened and alveolar sacculi (as) are elongat
treated with UVC radiation for 14 days. (b) Degeneration in lung
alveolar lumen. The cell nucleus shape was destructed. Vacuol
Alveolar epithelial cells (AC) and endothelial cells (EN). Vacuolizspaces and air sacculi are wide (Fig. 1a). After the examination
of the lung under the electron microscope it was found that
the tissue layers composing the alveolar epithelium, capillary
endothelium and interstitium are continuous throughout the
lung (Fig. 1b, c).
The alveolar wall is lined by alveolar cells which have
two types of alveolar cells. Type I alveolar cells are squa-
mous cells which extend over the basal lamina as a thin
sheet and join other alveolar cells comprising the contin-
uous alveolar lining. The nuclei of these cells are large, but
have rare organelles in their cytoplasm. Type II alveolar cells
are secretary cells. These cells are large and have surface
microvilli. They have some organelles and few lamellar
bodies in their cytoplasm. Some cells have numerous vac-
uoles, electron dense inclusions and osmophilic lamellar
bodies. Their first role is synthesizing and secreting surfac-
tant (Fig. 1d). The basement membranes of the epithelium
and endothelium delimit the interstitium. The interstitial
space is wide, and contains fibroblasts and elastic fibers
(Fig. 1b).
The capillary endothelial cells have big nuclei and their
membranes between the capillary and alveolar cells are
extremely thin and do not have any cytoplasmic organelles
(Fig. 1c). Some alveolar cells have secretion granules and
lamellar bodies in their cytoplasm (Fig. 1d).le rats treated with UVC radiation for 14 days. The alveolar
ed. (b, c) Ultrastructure of the lung tissues from mole rats
alveolar epithelial cells (AC) and scattered microvilli into the
ation was occurred in interstitium of the alveolar cells. (c)
ation in nucleus and in cytoplasm.
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for 14 days
The lung from mole rats treated with UVC radiation for 14
days, as seen in light microscope, showed some changes.
The alveolar walls were thickened while the alveolar sacculi
were elongated. The alveolar cells which line the
bronchioles were hypertrophied, might be distended with
mucus, so the lumen of the bronchioles became narrow
(Fig. 2a).
It was found in the electron micrographs of the lung of
these cells that they exhibited different signs of damage.
Some cells exhibited signs of necrosis and fragmented parts of
these cells were observed in the alveolar sacculus (Fig. 2b). In
other cells, the cellular membranes as well as the thin cyto-
plasmic extensions of the cells were mostly destructed. Also,
few cells were hypertrophied, while others lost their squa-
mous shape, became cuboidal and were bulged into the
alveolar space (Fig. 2b, c).Fig. 3 e (a) Light microscopic photographs of the lung tissue ex
bronchiole (br) and a cartilage (car). (bed). Ultrastructure of the
alveolar wall containing cuboidal and squamoushed alveolar ep
necroses in microvillus (mv). Alveolar sacculus (as), nucleus (N)
osmophilic bodies (ob) were vacuolated and destructed. A Clara
alveolar epithelial cells (AC) contain mitochondria (m) and vacu
scattered cell pieces were seen in the alveolar sacculus (as).There became partial loss of their cytoplasmic organelles
in type II alveolar cells and they comprised big nucleus as in
the control lung (Fig. 2b, c). But most of nuclei were
destructed.
Desquamated alveolar cells and microvillus were seen in
the air sacculi (Fig. 2b). Partial deformation was observed in
capillary endothelial cells showed (Fig. 2c). The alveolar cell
wall exhibited focal areas of cell necrosis. The cell lines and
microvillus were completely destructed, and some cell debris
was deposited in the alveolar lumen. Also, numerous spaces
and a few vacuoles were seen in cell or in the interstitium of
the cells (Fig. 2b, c).
3.3. Lung cells from mole rats exposed to UVC radiation
for 28 days
Compared to the control cell, the alveolar sacculi were mostly
expanded. The bronchiolar epithelium showed remarkable
changes. Alveolar walls were tinned and elongated due to theposed to UVC radiation for 28 days. Alveolar sacculi (as),
lung tissues exposed to UVC radiation for 28 days. (b) An
ithelial cells (AC). Vacuolation in mitochondria (m) and
. (c) Alveolar epithelial cells (AC). Some mitochondria and
cell was bulging into the alveolar sacculus (as). (d) Cuboidal
oles (v). A fibroblast (fib), collagen fibrils (col) and some
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tissue (Fig. 3a).
Most of the alveolar epithelial and endothelial cells showed
a lot of changes at the ultrastructural level (Figs. 3 and 4).
Some alveolar epithelial cells were affected severely. But
nevertheless, electron-lucent membrane-bounded vacuoles
were observed in some cells, some mitochondria were lost
cristae and vacuolated. Nuclei of these cells were affected and
their chromatins were condensed mainly against the nuclear
membrane (Figs. 3bed and 4a).
The cytoplasm of the alveolar cells had mitochondria and
numerous vacuoles which accumulated at the supranuclear
region of the cells. Additionally, the cells had lost their apical
cilia (Fig. 3b, d).
In this group, some type I and type II alveolar cells lost their
normal appearance tomost extent (Fig. 4aed). Furthermore, an
improvementof type II alveolar cells representedbyan increase
in their dense lamellar contents was observed and some alve-
olar cells were damaged severely. Some of them were seen in
the capillary lumen (Figs. 3d and 4c). Some mitochondria and
osmophilic lamelled bodieswere vacuolated (Figs. 3c, d and 4b).Fig. 4 e (a) Severely damaged alveolar epithelial cells (AC) and e
erythrocytes (EC). (b) Severely damaged endothelial cells (EN) an
Severely damaged alveolar cells containing numerous vast vacu
seen in the interstitium and vacuoles contain fluid-filled substa
Severely damaged endothelial (EN) cells containing numerous vIn the capillary endothelial cells, an apparent damage was
observed. These cells showed signs of necrosis, irregularity,
and their cytoplasm contained vacuoles and, most of them
had hyperchromatic nuclei. But thickening and irregularity of
nucleus were seen in some cases (Fig. 4aed).
The macrophages were seen either in interstitial spaces or
in the alveolar sacculus, and they contained phagocytic vac-
uoles (Fig. 4b, c). Severely damaged collagen fibers and fibro-
blasts were observed in interstitium or alveolar sacculus (Figs.
3d and 4c). Severely damaged alveolar and endothelial cells
contain numerous vast vacuoles and collagens fibers
(Fig. 4aed). Some collagen fibers alsowere seen in interstitium
or alveolar sacculus (Figs. 3d and 4c). The capillary lumens
became wide and contain fluid-filled substance (Fig. 4a, c, d).4. Discussion and conclusion
Living organisms are affected by the harmful effects of UV
radiation indirectly. As a result of radiolysis of water mole-
cules, free radicals are released when they are exposed tondothelial (EN) cells. Necroses in blood capillary and
d vacuolated macrophage in the alveolar sacculus. (c)
oles (v) and collagens (col). Accumulated collagen fibers are
nces. A macrophage is seen at the bottom of the cell. (d)
ast vacuoles (v). Vacuoles contain fluid-filled substances.
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and functions of various molecules by interacting with them
(Jagetia & Reddy, 2005; Zare, Alivandi, & Ebadi, 2007).
Depending on the dosage and the period exposal of the radi-
ation applied, a deformation in the cells could develop
(Denham, Hauer-Jensen, & Peters, 2001; Hill, 2005; Mansoub &
Sarvestani, 2011).
The impact of radiation on the lung tissue is complex, as
lung cells have a limited regenerative capacity which has
more tendency to radiation injury. Among the radiation injury
to lungs are alveolar epithelial cells and capillary endothelial
cell damage, deformation of the alveolar septa and desqua-
mative changes (Almeida et al., 2013; Davis, Yankelevitz, &
Henschke, 1992; Stone, Coleman, Anscher, & McBride, 2003).
The results of the current study showed a toxic effect of
UVC radiation on the mole rats lung alveolar cells. The first
detectable changes in mole rats lung tissue after 14 days of
UVC radiation consisted of deformation in alveolar cells and
in the interstitial space. In light microscope preparations, this
was noted around the alveolar sacculus. It was found through
electron microscopy examination that there became a defor-
mation in the alveolar epithelial cells, endothelial cells and
interstitium space of the lung cells.
A notable structural damage to endothelial cells developed
after 28 days of UVC exposure, which resulted in complete
destruction of the lining of a large fraction of the capillaries.
These cells showed signs of necrosis, irregularity, and their
cytoplasm contained vacuoles. These vacuoles are containing
fluid-filled substantives. This causes an increase in capillary
volume, as well as the capillary surface area, comparing to
control values. The nuclei of these cells had perichromatin.
The destruction happened in the collagen fibrins and these
cells were observed in the alveolar sacculus and interstitium
of the cells. Some destruction occurred concurrently in the
alveolar epithelial cells.
Such degenerative changes occurring in cytoplasm and
organelles of alveolar epithelial cells which result in signifi-
cant functions in this phase of radiation in order to carry on its
crucial activities would certainly decrease its process and
distort its structure. The microvilli of cells were disappeared;
the mitochondria and the osmophilic bodies were vacuolated
and destructed. The vacuoles contained fluid-filled
substantiates.
Fine structural changes and distortions determined in our
study was also found in the studies carried out on various
studies done on living organisms by some researchers
(Barcellos-Hoff, 1998; Kurus, Ertan, Celik, Cetin, & Otlu, 2013;
Mansoub & Sarvestani, 2011; Sharaf, Morsy, Shaffie, & El-
Shennawy, 2012; Somosy, 2000). Lipid peroxidation in the
cell membrane, caused by radiation injury, leads to oxidative
stress related cellular damage; which may be prevented by
anti-oxidants. The increase in the matrix activity causes an
increase in the fibroblast migration, and fibronectin and
collagen synthesis (Cotran, Kumar, & Collins, 1999). The
pathological changes observed in the present work in the lung
cells due to UV radiation may be attributed to lipid peroxida-
tion and free radicals in damaged cells. An increase of lipid
peroxidation after UVC radiation might lead to loss of mem-
brane integrity and cell degeneration in the alveolar and
endothelial cells. The results of the current study are inagreement with some studies done by local irradiation or high
dose of ionization radiation or toxin substantiates in some
animals (Rubin, 1995; Santra&Manna, 2009; Tsou, Yeh, Tsai,&
Change, 2004).
It is agreed by many researchers that formation of inter-
stitial and alveolar deformation is a consistent finding in lung
tissue pathology of severe radiation exposure. This deforma-
tion could be formed as a direct toxic effect of radiation on
some constituent of interstitial tissue, resulting in elevated
osmotic pressure and increasing in the ground substances
(Bernard et al., 2012; Davis et al., 1992; Guerry-Force, Perkett,
Brigham, & Meyrick, 1988; Kononenko, 1985; Kurus et al.,
2013).
In the current study, it was pointed out that depending on
the radiation, distortion in alveolar cell nuclei and the short-
ening or disappearing the microvilli of alveolar cells
happened. These results were supported by some studies
carried out on some animals with radiation (Carr et al., 1992;
Jagetia & Reddy, 2005; Mahmoud, Mekkawy, & Sayed, 2009;
Wroblewski et al., 2002).
The harmful effects of UV radiation on living organisms
occur indirectly. Free radicals are released as a result of radi-
olysis of water molecules when they are exposed to radiation
and these radicals lead to changes in the structures and
functions of various molecules by interacting with them
(Jagetia & Reddy, 2005; Machlin & Bendich, 1987; McMillan
et al., 2008; Zare et al., 2007). Absorption of UV in a cell leads
to the production of reactive oxygen and nitrogen species that
can damage major biomolecules including DNA and mem-
brane lipids. Various types of damage induced in these mol-
ecules lead to significant biological effects including
cytotoxicity, mutations and alterations in cell signaling
pathways (Barker, Weinfeld, Zheng, Li, & Murray, 2005;
McMillan et al., 2008). As a result of this effect leading to
chromosomal mutations and cytotoxicity, cancer develop-
ment occurs (Lloyd, Edwards, Prosser, & Corp, 1984).
The increased DNA damage in the ultraviolet exposed cell
might be due to the deficiencies of natural processes, such as
the chromatin package and abortive apoptosis during devel-
opment and cell division. Petersen, Gniadecki, Vicanova,
Thorn, and Wulf (2000) reported that UV irradiation increased
the intracellular levels of hydrogen peroxide (H2O2) and caused
oxidative DNA damage, single strand breaks and alkali-labile
sites. Douki, Reynaud-Angelin, Cadet, and Sage (2003) stated
that bipyrimidine photoproducts rather than oxidative lesions
are the main type of DNA damage from solar ultraviolet radi-
ation. DNA damage was found to be positively correlated with
lipid peroxide. These results were emphasized by many au-
thors (Armstrong, Reimschuessel, & Bradly, 2002; Browman
et al., 2003; Ciereszko, Tobie, & Konrad, 2005; Kino &
Sugiyama, 2005; Mekkawy, Mahmoud, Osman, & Sayed, 2010;
Sinha & H€ader, 2002) with a reference to the oxidative nature
of DNA damage. The damage in the cells could develop
depending on the dosage and the exposal period of the radia-
tion (Denham et al., 2001; Mansoub & Sarvestani, 2011; Weiss
et al., 1990).
Such outcomes as mutations occurring in the living
structure as a result of ionizing radiation, becoming cancerous
and cell death could appear in hours, days, months even years
(Machlin & Bendich, 1987; Williams, 1992).
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even has harmful effects on the inner tissue cells. These find-
ings clearly demonstrate the ultrastructural effects of UVC
radiation on lung cells in an exposure-period dependent
manner.Conflict of interest
The authors declare no conflict of interest.
Acknowledgments
The author thanks to Prof. Dr. Turan GUVEN and Prof. Dr.
Mustafa YEL (Gazi University, Gazi Education Faculty,
Department of Biology, Ankara, Turkey) and Prof. Dr. Emin
OZTAS (GATA University, Histology Department, Ankara,
Turkey) for assisting the experiment and proofreading of the
manuscript.r e f e r e n c e s
Almeida, C., Nagarajan, D., Tian, J., Leal, S. W., Wheeler, K.,
Munley, M., et al. (2013). The role of alveolar epithelium in
radiation-induced lung injury. PLoS One, 8(1), e53628. http://
dx.doi.org/10.1371/journal.pone.0053628.
Armstrong, T. N., Reimschuessel, R., & Bradly, B. P. (2002). DNA
damage, histological changes and DNA repair in larval
Japanese medaka (Oryzias latipes) exposed to ultraviolet-B
radiation. Aquatic Toxicology, 58, 1e14.
Barcellos-Hoff, M. H. (1998). How the tissue respond to damage at
the cellular level? The role of cytokines in irradiated tissues.
Radiation Research, 150, 109e120. http://dx.doi.org/10.2307/
3579813.
Barker, S., Weinfeld, M., Zheng, J., Li, L., & Murray, D. (2005).
Identification of mammalian proteins cross-linked to DNA by
ionizing radiation. Journal of Biological Chemistry, 280(40),
33826e33838.
Bernard, M. E., Kim, H., Rajagopalan, M. S., Stone, B., Salimi, U.,
Rwigema, J. C., et al. (2012). Repopulation of the irradiation
damaged lung with bone marrow-derived cells. In Vivo, 26(1),
9e18. www.ncbi.nlm.nih.gov/pubmed/22210711.
Browman, H. I., Vetter, R. D., Flodriguez, C. A., Cullen, J. J.,
Davis, R. F., Lynn, E., et al. (2003). Ultraviolet (280e400 nm)-
induced DNA damage in the eggs and larvae of Calanus
finmarchicus G. (Copepoda) and Atlantic cod (Gadus morhua).
Photochemistry and Photobiology, 77(4), 397e404.
Carr, K. E., McCullough, J. S., Nelson, A. C., Hume, S. P., Nunn, S., &
Kamel, H. M. (1992). Relationship between villous shape and
mural structure in neutron irradiated small intestine. Scanning
Microscopy, 6, 561e572. PMID: 1462140.
Ciereszko, A., Tobie, D. W., & Konrad, D. (2005). Analysis of DNA
damage in sea lamprey (Petromyzon marinus) spermatozoa by
UV, hydrogen peroxide, and the toxic antbisazir. Aquatic
Toxicology, 73(2), 128e138.
Cotran, R. S., Kumar, V., & Collins, T. (1999). Robbins pathologic
basis of disease (pp. 1e88). New York: Saunders Company Press.
www.ariatlas.org/data_research/appendix_e.
Davis, S. D., Yankelevitz, D. F., & Henschke, C. I. (1992). Radiation
effects on the lung: clinical features, pathology and imaging
findings. AJR, 159, 1157e1164, 0361-803X/92/1 596-1157.Denham, J. W., Hauer-Jensen, M., & Peters, L. J. (2001). Is it time for
a new formalism to categorize normal tissue radiation injury?
International Journal of Radiation Oncology, Biology, Physics,
1105e1106.
Douki, T., Reynaud-Angelin, A., Cadet, J., & Sage, E. (2003).
Bipyrimidine photoproducts rather than oxidative lesions are
the main type of DNA damage involved in the genotoxic effect
of solar UVA radiation. Biochemistry, 42, 9221e9226. http://
dx.doi.org/10.1021/bi034593c.
Guerry-Force, M. L., Perkett, E. A., Brigham, K. L., & Meyrick, B.
(1988). Early structural changes in sheep lung following
thoracic irradiation. Radiation Research, 114, 138e153.
Hanson, K. M., Gratton, E., & Bardeen, C. J. (2006). Sunscreen
enhancement of UV-induced reactive oxygen species in the
skin. Free Radical Biology and Medicine, 41, 1205e1212.
Hill, R. P. (2005). Radiation effects on the respiratory system.
British Institute of Radiology, 75e78. http://dx.doi.org/10.1259/
bjr/34124307.
Jagetia, G. C., & Reddy, T. K. (2005). Modulation of radiation
induced alteration in the antioxidant status of mice by
naringin. Life Sciences, 77, 780e794.
Kelly, D. A., Seed, P. T., Young, A. R., & Walker, S. L. (2003). A
commercial sunscreen's protection against ultraviolet
radiation-induced immunosuppression is more than 50%
lower than protection against sunburn in humans. Journal of
Investigative Dermatology, 120, 65e71.
Kino, K., & Sugiyama, H. (2005). UVR-induced GeC to CeG
transversions from oxidative DNA damage. Mutation Research,
571, 33e42.
Kononenko, E. K. (1985). Effect of whole-body gamma irradiation
on the ultrastructure of the respiratory cells of the lungs (in
Russian) Radiobiologia, 25(3), 314e318.
Kurus, M., Ertan, C., Celik, M. R., Cetin, A., & Otlu, A. (2013).
Protective effects of apricot feeding in the pulmonary tissues
of rats exposed to low dose X-ray radiation. Indian Journal of
Applied Research. ISSN: 2249-555X, 10, 1e5.
Lloyd, D. C., Edwards, A. A., Prosser, J. S., & Corp, M. J. (1984). The
dose response relationship obtained at constant irradiation
times for the induction of chromosome aberrations in human
lymphocytes by cobalt-60 gamma rays. Radiation and
Environmental Biophysics, 23(3), 179e189.
Machlin, L. J., & Bendich, A. (1987). Free radical tissue damage:
protective role of antioxidant nutrients. FASEB Journal, 1(6),
441e445.
Mahmoud, U. M., Mekkawy, I. A. A., & Sayed, A. D. H. (2009).
Ultraviolet radiation-A (366 nm) induced morphological and
histological malformations during embryogenesis of Clarias
gariepinus (Burchell, 1822). Journal of Photochemistry and
Photobiology B: Biology, 95, 117e128. www.elsevier.com/locate/
jphotobiol.
Mansoub, N. H., & Sarvestani, A. H. (2011). Effects of gamma
irradiation on histomorphology of different organs in rats.
Scholar Research Library Annals of Biological Research, 2(6),
431e436. http://scholarsresearchlibrary.com/archive.html.
McKenzie, R. L., Bj€orn, L. O., Bais, A., & Ilyas, M. (2003). Changes in
biologically active ultraviolet radiation reaching the earth's
surface. Photochemical & Photobiological Sciences, 2, 5e15. http://
dx.doi.org/10.1039/b211155.
McMillan, T. J., Leatherman, E., Ridley, A., Shorrocks, J., Tobi, S. E., &
Whiteside, J.R. (2008).Cellulareffectsof longwavelengthUVlight
(UVA) inmammalian cells. Journal of Pharmacy and Pharmacology,
60(8), 969e976. http://dx.doi.org/10.1211/jpp.60.8.0004.
Mekkawy, I. A. A., Mahmoud, U. M., Osman, A. G., & Sayed, A. H.
(2010). Effects of ultraviolet A on the activity of two metabolic
enzymes, DNA damage and lipid peroxidation during early
developmental stages of the African catfish, Clarias gariepinus
(Burchell, 1822). Fish Physiology and Biochemistry, 36, 605e626.
http://dx.doi.org/10.1007/s10695-009-9334-6.
J o u rn a l o f R a d i a t i o n R e s e a r c h and A p p l i e d S c i e n c e s 7 ( 2 0 1 4 ) 5 6 0e5 6 7 567Mittal, A., Elmets, C. A., & Katiyar, S. K. (2003). CD11bþ cells are
the major source of oxidative stress in UV radiation-irradiated
skin: possible role in photoaging and photocarcinogenesis.
Photochemistry and Photobiology, 77, 259e264.
Petersen, A. B., Gniadecki, R., Vicanova, J., Thorn, T., & Wulf, H. C.
(2000). Hydrogen peroxide is responsible for UVA-induced
DNA damage measured by alkaline comet assay in HaCaT
keratinocytes. Journal of Photochemistry and Photobiology B:
Biology, 59, 123e131.
Rubin, E. (1995). Essential pathology (3rd ed.). Philadelphia:
Lippincott Williams and Wilkins.
Santra, K. B., & Manna, C. K. (2009). X-rays induced changes in
biochemical and histochemical parameters in the testis of
male wild Indian house rat, Rattus rattus. Ceylon Journal of
Science (Biological Sciences), 38, 39e49.
Sharaf, H. A., Morsy, F. A., Shaffie, N. M., & El-Shennawy, A. T. M.
(2012). Histological and histochemical study on the protective
effect of curcumin on ultraviolet irradiation induced testicular
damage in albino rats. Journal of Cytology & Histology, 3, 159.
http://dx.doi.org/10.4172/2157-7099.1000159.
Sharma, P., Parmar, J., Sharma, P., Verma, P., & Goyal, P. K. (2011).
Radiation-induced testicular injury and its amelioration by
Tinospora cordifolia (an Indian medicinal plant) extract.
Evidence-Based Complementary and Alternative Medicine, 643e647.
http://dx.doi.org/10.1155/2011/643847.
Sinha, R. P.,&H€ader, D. (2002). UV-inducedDNAdamage and repair:
a review. Photochemical & Photobiological Sciences, 1, 225e236.
Somosy, Z. (2000). Radiation response of cell organelles. Micron,
31(2), 165e181.
Stone, H. B., Coleman, C. N., Anscher, M. S., & McBride, W. H.
(2003). Effects of radiation on normal tissue: consequences
and mechanisms. Lancet Oncology, 4, 529e536.Thiele, J. J., Dreher, F., Maibach, H. I., & Packer, L. (2003). Impact of
ultraviolet radiation and ozone on the transepidermal water
loss as a function of skin temperature in hairless mice. Skin
Pharmacology and Applied Skin Physiology, 16, 283e290.
Tsou, T. C., Yeh, S. C., Tsai, F. Y., & Change, L. W. (2004). The
protective role of intracellular GSH status in the arsenite-
induced vascular endothelial dysfunction. Chemical Research in
Toxicology, 17(2), 208e217.
Verma, P., Sharma, P., Parmar, J., Sharma, P., Agrawal, A., &
Goyal, P. K. (2011). Amelioration of radiation-induced
hematological and biochemical alterations in Swiss albino
mice by Panax ginseng extract. Integrative Cancer Therapies, 10,
77e84. http://dx.doi.org/10.1177/1534735410375098.
Weiss, J. F., Kumar, K. S., Walden, T. L., Neta, R., Landauer, M. R.,
& Clark, E. P. (1990). Advances in radioprotection through the
use of combined agent regimens. International Journal of
Radiation Biology, 57(4), 709e722.
WHO. (1994). Environmental health criteria (EHC) 160: ultraviolet
radiation, Geneva. http://www.who.int/mediacentre/
multimedia/en.
Williams, G. M. (1992). DNA reactive and epigenetic carcinogens.
Experimental and Toxicologic Pathology, 44, 457e464.
Wroblewski, R., Jaln€as, M., VanDecker, G., Bj€ork, J., Wroblewski, J.,
& Roomans, G. M. (2002). Effects of irradiation on intestinal
cells in vivo and in vitro. Histology and Histopathology, 17,
165e177. http://www.hh.um.es.
Zare, S., Alivandi, S., & Ebadi, A. G. (2007). Histological studies of
low frequency electromagnetic field effect on liver, testis and
kidney in guinea pig. World Applied Sciences Journal, 2(5),
509e511.
